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rnia Nonthennd features of the ultra- 
sound (discussed h e r  are also respn- 
slble for bivlogical o ects involved in 
some ~pUcatians. 

4 
W e  ~ t s  me h hydcal therapy Erst 

made ultrasoun 1 ,a past of clinical 
practice, it is through aliapostic ap@- 
cations that ultrtuound has now 
become a ma or medical technique. As 
a measure o f' the phenomenal grawth 
in the latter applicatians, sales of 

0, W k i 2 l  lG~~y QiJF&% ~~9aPPRdtrasomfc smners esthetod to 
have increased from $17 &on in 1974 

,r 7 .  
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to $270 million in 1981. One of the 

t. t L 4 j ~ + ; , t  dominant classes of applications is in 
obstetrics, where ullrasound is used to 

Volume @ Number 3 Ma~/June1887 examine the embryo and fetus at aU 
stages of mstatioa-bother irnvortmt 
clG$ of Zt@cati~ns is in cardiology, 

&%f3 &~'d& t.0 k~bf&&$&y&.~ * +  ,' where tool to ultrasowd study the is structure usled as a and red-time func- 

I b uh?@&0th# by. we$ley L., NyUnig , +, . _* , % ' s '  tioning of the h e m  and circulatory 
s stem. Ultrasound has been employed 
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r , *&t.x..: ~f e body and new apphca ma are 
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A prhary tsc&uu for diagnosis, 
'_ , , , , . , , - , .'q, ' the p&o-echo technique, dupgnds on , . , , , , . , 

~ ~ A ~ ~ ~ S  
- s. .% * . , ). ,. the tratsinission of short uims of 

, , , i .  . , 12% . ultrwoundlntoa atlent'sbo& and the 
reception of caKoes reflectd from 
various anatomical btructures. With 

Datc~-mining .syi%k to modem instruments the pulses are 
.-A focused, steered, and scanned over . p:.a.;.?~ts~zre $0 Ultrwsirraxxd regions of interest. Information from 

the echws received Is displayed on a 
by Wesley L. Nyborg screen to give an instanbneaus view of & 

structures in the body. 
A second technique depends on the 

Ultrasoundb used widely for medical variations of pressure :e it does so. En Doppler effect, An ultrasound beam is 
.a #cations, and continuedresearchin a continuous-wave sound field the transmitted into the: body and i s  
t& arm b much needed in order to prwvrs at any pcdnt rises and f& reflected horn moving ob scts, such as 
defb, rove, or extcnd tb appiica- cyclically many times per second at a valves of the heart, or re d c a b  Rowing 
Uonr. &la hpannt investigations r ular rate (the fre uency measured with the b l d  in an artoglor vein The TI can be carried out by using small in prta (Hz). Soun 1 b au a; 'Me to the reflected sound differs t.1 frequency 
animals or other s y s t ~ m  aa expalmen- average h m  ear If its fro uency lies horn the ari d by m amount pro- 
t d  modek, the find evaluation of between about 20 Bz and ~0 ,000  Hr rtiond to velocity of the object 
climi.oal techniques must be done with The wvud is  considered to be alrm- Ern whth it is i-docted. Instruments 
humans subjects. This article will s6und if its frfregrtsm is tibave the forL)opplwtr9tudiagprovideinfonna~on 3 rovide some idarmation which, it is audible limtt. In medic applicathu of an velocities, presentdin a vwiety of 
[oped, win be helpful to members of d t r w o ~ ~ d  thc hrqumc t @ d y  Un wa r T'ohniquesthat cornbineDopplor 
Institutional Review Boards (1Rssi) in betwem one and ten &an hertz, ise, an i p&e-echo metho& am presently 
reviewing p rapa l s  for research in between 1. MHz and 10 MHz (Sea Tab1e used for otudylm blood flow h various 
whioh hurnnm v ~ h t e e r s  receive expo- 1 on page 2.) pnr of the add w fetd body. 
sure to ulrmound. Udtr61gound is used medcdly for 

utfc and miic pwtaoses. Biologicral Effects of 'Ultrasound 
Iintrasoluld and its For ecadm, phyhYfth~rPPN have 

Medial Applications 
8" 

employed ultrasound to stimulate Many invssti ations have been car- 
re air of wft-tiesue hjur(as and to ried out on %angel in biologiosl 

Ultramund is a form of sowd; that refieve psi*. Heat is aenorstcd as system brought about b exposure to 
b. it is P mechanic611 dLturbanc~ that + m o u n d  passes through tissue, and ultmowd. Some arc b d c  studies into 
passes through air, water, human thsuq IS thought to be largely responsible far tha meral principles involved. Others 
or other media, cauaLng ternpor~l its effectiveness in therapyY Heath b we %rected to thonpeutic apP1lcationsg 

sought ddberately in recent iapp f ca. and still others are c~nccrned with 
tima, where ultrasound beam are possibilities for adverse effects asso- 
directed toward specifiu regions of the ciated with dfapc~st~cl procedures. 

W ~ l ~ ~ L . N y b m g i r p m f e s ~ r ~ f ~ h ~ ~ ,  Unlvsrsity M y ,  in wefay cccntralled p t t m ,  nu nature and axtent of biolo@cd 
of Vemant in order to treat t t ~ m ~ r ~  with hypeher- changes produceti by ultrasound 





~n an application of therapeutic or 
dqpostic ultrasound the procdure is 
carried out by brin g a source of , dtrasound, the t ram ? ucsr, into contact 
with the patient in Borne suitable way. 
The field produced in the 
body of the patient is not uniform but, 
h s ~ a d ,  the temporal peak. Pressure 
varies from point to pint.  h a focused 
fieid ralativsly large values occur in the 
focal region. 

Wile acoustic pressure is a suitable 
quantit fur characterlzi2 an ultra- 
sound ibd ,  the prearnt LJ.b standards 
on thb subject are expressed mostly in 
terns of another quantit , the acoustic P intensif3 tL Anultrasound ield possesses 
acoustic energy, which tends to flow 
outward from the sourcs. The acoustic 
internit) at 3 poht gives the rate at 
which acoustic eher crosses unit area 
of an imaginary tiwf%, the latter being 
perpendicular to the flow at the point 
in question, Under many, but not aU, 
conditions the intensity is proportianal 
b the square of the acoustic pressure. 

Unfocused fields, generated by 
device; used for therap , we enerally 9 a characterized by spec yhg t e t h e -  
aver& ed hteutty, spatially averaged 
over t i  e transducer area. 

A focused ultrasound field produced 
by a dia nostic device is usually char- 
acterize% by specifyin the intensity at 
the spatial peak, whic a occllrs in the 
focal region. Two measures of the 
spatid peak intensity are given; one is 
averaged over the durattan of a single 
pulse (typically only a few rnicrme- 
con&) and i s  called the spatial-paak 
pulse-averapcc (SPPA) intensity. The 
other Is averaged over dl t h e ,  includ- 
in the rather long intervals between 
p&es; thir ir the apapalhl-pwk lempaol- 
average (SPTA) inransiry. 

In addition to these intemities, the 
acoustic p r  is often used to charac- 
terize an ultrasound source. The acoustic 
power of a source is the total rate at 
which acoustic enur is transmitted 
from the some  into tg medium. 

Table 2 shows ranges of values for 
these quantities that apply to commer- 
cial equipment used in medic& ultra- 
sound; those for theriap equi ment are 
from References 2 andi 6, w&e thora 
f0r phe-echo and Du pler e ui ment 
are from ReEesences f u l d  9. h u e s  
for the power enerated by therapy 
units are hi er %an those for diapss- 

I? tic units. T e ran es for Doppler units 
.*end tu hipherfirits of power and 
Intensity than those for pulse-echo 
devices. Also, SPTA (spatial-peak 
tamporal-average) intensities for 
Doppler and, to a lesser extent, pulse- 
echo equipment extend into the range 
for average intensitias applicable to 

therapy. However, the Dop ler intend- harmful cavitation would occur if t'tx 
ties ap Iy only in a small ? ocal region, intensity or peakaco~tstic pressure we: e 
while tpe therapy himitias apply ,over io exceed values nonnally used. 
the cross section of a beam whose p e a  
is typically a hundred times lay er than Statements and Recommendations 
that of a focal regksn, The dif f erences 

s' 
from Profqssicmal Groups 

in biolo cal effects between exposures 
of snaa focal rq@unu and exposnres of The range of values given in Table 
much larger regiuzs have not bean well 2 m y  be compirred with information 
defined. avauable on intensi1.y levels at which 

The btemities cbracteristic of thera- biologIca1 effects have been obsewed. 
eutic ultrasound can be, and often are, In experiments with laboratory mam- 

kgh enough (deliberately) to produce msJs in vivo a variety of endpoints have 
a modest amaunt of temperature been investigated. Positive results have 
elevati~n. For diagnostic equipment the been observed for a range af intensities 
temperature rise roduced is often vely and exposure times. Based on these P small and of Utt e consequence, How- studies, it has been possible to arrive 
ever, some de ee of overheating might at a enerahation applicable to all such 
result if, " ti? e course of n research res&s which have been independently 
invesdigation, the exposure aramcters confirmed. This generalization, 
were to snceed hose useBin normal expressed in the form of a Statement, 
practice. For example, exce$8 heatin was approved by the American Institute 
mg occur i f a  barn of relatively hi& of Ultraround (AIUM). Thir and other 
S A intensity were employed and/or Statements of the A3UM are presented 
if it remained foeused on a given re on and discused in Reference 10. (See box 
of tissue Ear an extdnded period oft kt, e. for the "mammalian fn vivo"Statement 

Similarly, there is IKI evidence wf on page 4.) 
significant cavitation effects produced A number of caveats were published 
in the body under conditions indicated along with this Staternent,jncluding the 
In Tabla 2 as typlcal of diagnostic faupwing 
ultrasound. However, it is possible that a Most of the data apply to rnamm& 





mmufactmer. A widely accepted stad- -1p.13cIrrnl----. . ..w 

saprJattea that the acomti.cal data 
,hould, at least, be provided in the Safety Statement for %aining and Research 
operuor's manuah. It 1s recommended October 1985 
by m m  p ~ u  s%b?,10113 that these data 

0 ma e available to users, The Dia o s t ~  dtrasoumd has bum in use for over 25 years, No confirmed adverse b B 
nruM itr Commendation bio&cal effects on padents resultin from this u8a s have ever been reported. 

publkher specjfi- Athough no h m d  ha. bem idended drat woulf preclude the prudent and 
cations, as ather inf ormation, for conservative ma of diagnostic ultrasound in education and research, experience 

who volunp&y fram normal diqgnaotic practice may ar may not be relevmt to extended 
the i&n-rnntion expo~ure timqs and altered exposure conditions. It is therefere considered 

It would be consistent with the AIUM apprQpr;late to maka the following recommendatiarn 
safety Statement fpr Traitntng and 
~~~~~~~h to establi& a requiremant for In th~se special situations in which examinations we: to be carried out 

on research in which human fur purposes other than direct medical benefit to the tndlvidual being 
volunteers would receive exposwe to examined, the should be informed of the anticipated exposure 
diwostic ultrwoud In such a pro- conditions, these compare with conditions for normal 
po$d infomation should be included diapastic FWtke ,  
on relevant acoustical parameters, and -- -----..."- ..--. -- 
&o cp~ the number and duration of 
exposurea Imed, The roposal should 
b o  C X P d  &at ill& done t~ sea For some situations the ruse@rch L%rectorate, Hcalth Protection Branch, Ottawa, 
that, as recomm~nded in the &ove hvestfgatars wht decide t h d  it is not Canada, t m  
Ststtement, volunf eers are "informed of wefd r6fncldB qwtitativs  acoustic^ 3 R . e ~ ~ c h d .  MH and BmweU, DA eds.: Ersenrials 
the antkipat@d exp~sure conditions, data (such as that a b l e  2) in the a Medical Ultrasound The H u m a ~  Press, In&. & on, NJ..I 19882. and of how them comFu Ath c*- c~ns$nt form. Ofrdtfng these dm, or rHill, CR ma ter ~aar, G: Ultrasound. Chapter 6 
&tianti for nonnd ditl~ostic practice." giving only selected data may be in Nonionizing Radiarion Proteotion M. J. Suess, 

The MUM S~ternent does not offer if tha.fnfamatioh pio~ded ed., World Health Ot-tioh Regional Office 
Copenhagen, 1982. On how the Cmsent fm is sufEicht for ~~fzty$b and stratmeyer, ads.; An am to be informad The bgt  meam far the rec~mmanded cbm arbon, ~vervtew of ~ltrasound! ~heofy,  M.easurement, 

thu d end on the ch-~umst t t~~-a  E%B informatian is Sujfic P ent for 
; ~ ~ ~ ~ p ~ ~ ~ ; e ~ ~ ; ~ ~  'fecu Some h&*?~Id@, a V Q ~ ~ O ~ L  would compLrifif a surw he volunteer & r Publicatlon 
(FDA) 82-8180, US. Government Pmting Office, benaflt from d&ihd tecfinicd specifi- rgceive to t om Cvhlch would be ~ ~ 5 h t n g ~ ~  D.c.. 4982. eations but most probably n@d received by a patient in no-1 pra~tice. bwrld Healthor tion: Ultrasound Iinviron- 

to have kchnicd matarid ax@&& to Howevw, evm if the mment fm doer m d  Health 22. WHQ. Gonew 1982. 
them. The following night beindicative umdtative acoutic data, 7Nati~nd Cound on Radiation Protection and 

8 Measurements: Biological Effects of Ultra- of a =thfacfoQ' to hfo-~ tho rasearc propma1 itself should ,Omd: cllnicd hpbcatianr vobteas about e X ~ s U T u  include this infbrnration Enough NCRP Report &o. 74, NCRP Publications. If you a ea to take part * a v61tUk shodd be included, md dfscw&d, b Washin on, D.C, December 34,1983. 
tssr in t& research you d recdve IPtbfy membaP the hveau- Wybm #LandZii,MCeds.. Bial4giw1H~fec~s 

c~ &raSound V ~ L  la of CUNCS m Dugnostic a expaswe -Ost'c ptm are themselves knowle&eable b - d  &unm ~ ~ t o n B ,  N~~ york. ultrasound twice weekly for ten *bout aspect of 1985. weeks. During, each ex osure an 9Wjms ,  AR; Ultrmoud Biab rcal B ctr and 
ultraraund u;usducer d b e  applied (Wemid H m d ~ ,  Acadn~nio k ,  & l'ork, 
to your body in the same way ets h A ~ ~ ~ c ~ ~  1983. 
done routinely to patients far pur- 'oBmerican Xnstitute of Ultrasound in Medicine: 
posas of ----.--- Safety Considerations for Die -tic Ultra- 

* the patient The author is grateful la a number of knowl4ge sound. MUM Publicatt~s~, ~Bs&on, D.C., 
wodd typicay receive ody thrm or able and ooncrerned individuals for ru&n a 1983. 
four five-minute oxpooures, wh&. draft of this patw and a f f e k  thou&$d ulLAmerican Institute d Ultrsdound in Medicine and 
will racuive a total of twenty. comments. These include E. L Carstensea National rilectrid Manufacturers hsocbtiem 

(University of Rochester). N, L. Danigalis Safety Standard for DDi~astfc  Ultrasound The 'qdprnent to bef ja man- (Unlvereity of Vermont), D. R. ~ r ~ s p  flexas A Equipment. A I U M - N E U  PubUcation UL 1- 
ufactured by X, b., &S M d d  NO. yyy, & M University), F. Kremkau @owman Gray 1981, NLEMA, Washingtun. D.C., 1981. Ako 
with which we plan to use trmducar School d Mediche.], R. 1. Levina (Yale Univcr- av&ble as Supplement to Joumd of Ultra- 
A2 15. For thb ultrasoruwd system the W b  R. h Meyer [ChUdren's Hospital. Chaln- sound la Me&oine, Volume 2. No. 2. Apd 1P83, 

nati), J. h Rooney (Spectro$onexj, K. J. W. AIUMPubllcationa,Wahh on,D.C.{NottgiThis s~a~ificatiow are fisted ,,,1drfldaUnlversity)andM C.ZW(Telnple Standard Lr bein revised; .$la new veraon 4 
below. --------. Thaw are exactly the uid~emtyj. &wid thenks are owed to Drs, probably btrav&b~e h 1987.) 
same spacfficntions as apply when the Gross, Levine, Meyer, and Ziskh Eor their 12American Institute d Ultrasound in Medicine: 
Bquip~llent is used to examine ~pecfio and vduable sqgcstions. 1885 Acoustical Data for IS ostic Ultrasound 
Batients. agYpmolr D.c., 1985. MUM pub~e%ns, wrrhgton ,  

should be understood that the REPenENcEs %". Department of Health and Human Services; 
ven here o d  as an example, Dia %tie Ultrasound h a  in Fregnmcy. 

d ~ u b l i c a t i o n  No. 84-66p%. Government 
IRepchoh. MW: Ultrasound Chsracte!isb and Printing Office, Washington, D.C., 1981. 

Biologcal Action. Report No. 19244 of the "MUM Newsletter, Volume 1, No. 6, Item on "New 
National Research Counc~t of Canada. Publiaa- Safety Stptement", f i - M  Publications. Wash- 
tions, N"RCC/CNBC. Ottawa, 1981 ington, D.C., December 1985. 

iEwii-onmenfal Health Directorate: Safety Code 15L.ehmnnn. J Ii, ed.: YherqpewtcMear end Coa 3rd 
23. Guidelines for the Sqfe Use of U l t m ~ u n d ~  edition. Williams and Wllktns, Baltimore, 1982. 
P, I hk!dlcd and Pnramcdird ,&pplications, IbOy~on, M. Therap&r &boationr of Ultra- 
Rcpurt 80-EHD-59. Environmental Health sound, Chapter 11 in Reference 8. 


